Introduction
============

Depression is a common psychiatric disorder and is one of the leading causes of disability along with various other chronic diseases worldwide.[@b1-ndt-13-2661] Recently, a large number of studies have reported that patients diagnosed with depression have higher levels of pro-inflammatory cytokines in their blood or in their cerebrospinal fluid,[@b2-ndt-13-2661]--[@b6-ndt-13-2661] and these findings have been supported by subsequent meta-analyses.[@b7-ndt-13-2661],[@b8-ndt-13-2661] Elevated pro-inflammatory cytokines can cause alterations in neuronal transmissions leading to neuropsychiatric disorders, especially depression.[@b9-ndt-13-2661],[@b10-ndt-13-2661] Peripheral blood interleukin-1 beta, interleukin-6, tumor necrosis factor-alpha (TNF-α), and C-reactive protein have been reported as reliable biomarkers in patients with depression.[@b11-ndt-13-2661]

In the year 2000, increased levels of TNF-α in patients with depression was reported for the first time.[@b12-ndt-13-2661] While its biological role in the pathogenesis or progression of depression is yet to be defined, increasing amount of evidence from clinical studies shows that the blood levels of TNF-α correlate with the progression of depressive symptoms.[@b13-ndt-13-2661] Moreover, blood levels of TNF-α reportedly normalized following the treatment with antidepressants.[@b14-ndt-13-2661] Genetic variants of pro-inflammatory cytokines can alter the gene transcription and thereby protein expression and biological action of these cytokines. Regarding the genetic variants of TNF-α, a single nucleotide polymorphism G-308A is linked to increased production of TNF-α compared with the wild-type allele.[@b15-ndt-13-2661]--[@b17-ndt-13-2661] Many studies based on different ethnicities and different pathogenesis of depression have reported conflicting evidence regarding the association of G-308A polymorphism in TNF-α gene (rs1800629) with the development of depression. While some studies have shown that A-allele of TNF-α G-308A was associated with depression,[@b18-ndt-13-2661],[@b19-ndt-13-2661] another study found that the frequency of A-carrying subjects was lower in patients with depression than that of healthy subjects.[@b20-ndt-13-2661] A study has reported that the GG genotype was a risk factor for suicide attempt.[@b21-ndt-13-2661]

In this study, we performed a meta-analysis to evaluate the association of TNF-α G-308A polymorphism with depression.

Methods
=======

Search strategy
---------------

We searched PubMed, Medline, Embase, and Scopus (up to April 18, 2017) for studies that have evaluated the association of TNF-α G-308A polymorphism with depression in humans using the following search terms: ("mood disorders" OR "depressive disorder" OR "depressive episode" OR "depression") AND ("genetic polymorphism" OR "genetic variation" OR "genetic variant" OR "polymorphism" OR "variant") AND ("tumor necrosis factor" OR "TNF-alpha") AND ("rs1800629" OR "308"). A manual search was also conducted to find more studies based on references listed in the individual articles.

Study selection
---------------

The inclusion criteria of literature were as follows: 1) case--control design; 2) investigating the association between TNF-α G-308A polymorphisms and depression; 3) patients diagnosed with depressive disorder by adequate diagnostic tool; 4) providing available information about the genotype frequencies of TNF-α genetic polymorphisms for calculating the value of odds ratio (OR) and 95% confidence interval (CI); 5) full-text article; and 6) published in English. We excluded the article if 1) it is not an original investigation, 2) it is not the study of the association between TNF-α G-308A and depression, 3) it does not provide reusable data, or 4) it does not have control data. Duplicate reports were also excluded. In case where the article contains the genotype information of the patient with other psychiatric disorders, we used only the information of patients with depressive disorder.

Data extraction
---------------

In accordance with the PRISMA guidance,[@b22-ndt-13-2661] the data were checked and extracted by two investigators independently. Using a standardized form, we extracted the following information: name of the first author, publication year, country of the study, diagnostic tools, the number of cases and controls, and genotype frequency. Disagreements were resolved by discussion among all authors until consensus was reached.

Statistical analysis
--------------------

The meta-analysis was performed using the Review Manager (RevMan) 5.3 software (Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014). The relationship between TNF-α G-308A polymorphism and depression was assessed by determining the pooled ORs and 95% CIs for allele (G vs A) and homozygote comparisons (GG vs AA) and for dominant (GG vs GA + AA) and recessive (GG + GA vs AA) models. Statistical heterogeneity among studies was estimated using the *Q*-test and *I*^2^ statistics. We used *I*^2^ statistics to measure the degree of heterogeneity (*I*^2^=0%--20%, no heterogeneity; *I*^2^=20%--50%, moderate heterogeneity; *I*^2^\>50%, obvious heterogeneity). A random-effects model was used to estimate the pooled ORs and 95% CIs, as heterogeneity was found with *P*\<0.10 or *I*^2^\>50%. Potential publication bias was evaluated using Begg's funnel plot.

Results
=======

Literature search
-----------------

[Figure 1](#f1-ndt-13-2661){ref-type="fig"} displays our strategy for literature search. After a comprehensive literature search, a total of 76 studies were initially retrieved including 19 duplicate records. After reviewing the abstracts of 57 non-duplicate studies, we removed 39 studies due to the following reasons: the study was not about TNF-α G-308A or depression; they did not have an abstract; or they were not the original research articles, that is, if they were reviews, meeting reports, or protocols. Of the remaining 18 studies, one study was excluded as the full-text article was not available. We further removed 7 studies because of the following reasons: they did not provide detailed information on cases and controls (n=1); they did not study the association between TNF-α G-308A and depression (n=3); or they did not provide reusable data (n=3). Finally, 10 studies were selected for this meta-analysis.

Characteristics of the studies
------------------------------

[Table 1](#t1-ndt-13-2661){ref-type="table"} summarizes the characteristics of the studies included in our analysis. These studies were reported from 2009 to 2016, encompassing 917 cases and 2,678 controls. Geographically, 5 were conducted in Korea; 2 in Italy; and 1 each in Bulgaria, Denmark, and South Africa. To make the diagnosis of depressive disorder, each study used the following diagnostic criteria: *Diagnostic and Statistical Manual of Mental Disorders* (DSM)-IV, International Classification of Diseases (ICD)-10, Schedules for Clinical Assessment in Neuropsychiatry (SCAN) interview, and Geriatric Mental State diagnostic schedule. In three studies, the mean ages of cases and controls were found to be above 70 years.

Average male-to-female ratios were found to be 1:1.79 for cases and 1:1.13 for controls, respectively. Cerri et al[@b20-ndt-13-2661] used age-matched controls in their analysis and did not provide gender information. Clerici et al[@b23-ndt-13-2661] did not specifically report on the mean age and gender of patients with major depressive disorder because their study also included patients with bipolar disorders. Two studies differ from the others regarding gender ratio: Kim et al[@b24-ndt-13-2661] and Kim et al[@b25-ndt-13-2661] involved patients who developed depressive disorder following the diagnosis of stroke and cancer, respectively. Kim et al[@b24-ndt-13-2661] included more male patients than the other studies, whereas Kim et al[@b25-ndt-13-2661] only included female patients with depression.

Results of meta-analysis
------------------------

[Figure 2](#f2-ndt-13-2661){ref-type="fig"} and [Table 2](#t2-ndt-13-2661){ref-type="table"} summarize the result of the meta-analysis. Overall, no significant association was found between TNF-α G-308A polymorphisms and depression in any of the comparison models we used. The OR and 95% CI for each model were as follows: 1.09 \[0.92, 1.29\] in the allele comparison model (G vs A); 1.24 \[0.71, 2.15\] in the homozygote comparison model (GG vs AA); 1.01 \[0.76, 1.35\] in the dominant genetic model (GG vs GA + AA); and 1.22 \[0.70, 2.13\] in the recessive genetic model (GG + GA vs AA).

To rule out the effect of ethnicity and age, we subsequently performed subgroup analyses. There was no statistically significant association between TNF-α G-308A polymorphisms and depression in any of the ethnic and age subgroups ([Table 2](#t2-ndt-13-2661){ref-type="table"}), except that there was a trend that the frequency of depression was higher in genotype AA than that of other genotypes with respect to homozygote comparison model (GG vs AA: OR \[95% CI\] =2.34 \[0.98, 5.57\]) and recessive model (GG + GA vs AA: OR \[95% CI\] =2.29 \[0.96, 5.49\]) among Asians.

[Figure 3](#f3-ndt-13-2661){ref-type="fig"} shows Begg's funnel plots estimating publication bias. The shape of the funnel plots does not show any evidence of obvious publication bias.

Discussion
==========

Association of TNF-α polymorphism with various diseases such as autoimmune diseases, infectious diseases, and cancer have been previously reported.[@b26-ndt-13-2661] Given the fact that the levels of TNF-α in blood or in cerebrospinal fluid were higher in patients with depression than that of healthy controls, multiple studies have reported conflicting results regarding the association of TNF-α G-308A polymorphism with depression. Jun et al[@b18-ndt-13-2661] were the first to report the role of TNF-α G-308A polymorphism in depression. They found that the proportion of subjects with an A allele was significantly higher in depression group than that of control group subjects (*P*=0.024). Furthermore, Lückhoff et al[@b19-ndt-13-2661] demonstrated that minor A-allele of TNF-α G-308A is associated with onset of depression at an early age. However, several other studies could not find any association of TNF-α G-308A polymorphism with depression. Moreover, Cerri et al[@b20-ndt-13-2661] reported the association of GG genotype with depression at a greater risk (OR \[95% CI\] =2.433 \[1.09, 5.43\]). Despite these controversial results, to the best our knowledge, till date, there is no comprehensive meta-analysis to clarify the association of TNF-α G-308A polymorphism with depression. Therefore, in this study, we conducted a comprehensive meta-analysis for the first time.

The relationship between TNF-α G-308A polymorphism and risk of depression was evaluated with a total of 10 independent studies encompassing 917 cases and 2,678 controls. We did not find any evidence that this polymorphism is significantly associated with depression. This inconsistency might be attributed to the small sample sizes of the studies included in this meta-analysis. The maximum number of patients with depression was 289.[@b27-ndt-13-2661] In case of the report by Kim et al published in the year 2013,[@b25-ndt-13-2661] data of only 19 patients with persistent depression were used in their analysis. Furthermore, the frequency of the A allele of TNF-α was found to be low, which is reported as about 7% in Chinese, 11% in Korean, 11%--15% in European and also 11%--15% in U.S. populations,[@b28-ndt-13-2661]--[@b34-ndt-13-2661] resulting in a very small number of patients carrying the minor A-allele. This inconsistent findings for TNF-α G-308A might be attributed to the polygenic contribution of the development of depression. For example, the association of Val66Met polymorphism with brain-derived neurotrophic-factor and depression has been confirmed by a number of studies.[@b35-ndt-13-2661]--[@b37-ndt-13-2661] Furthermore, it has been identified that polymorphism of serotonin transporter gene promoter (5-HTTLPR) is a modulator of depression.[@b38-ndt-13-2661],[@b39-ndt-13-2661] Other genetic polymorphisms such as COMT Val158Met,[@b40-ndt-13-2661] G-Protein β3 C825T,[@b41-ndt-13-2661] and MTHFR C677T[@b42-ndt-13-2661] have also been reported as potential risk factors for depression. As the frequencies of these genetic variants might be different from study to study, the effect of TNF-α G-308A on depression could not be evaluated consistently.

We performed subgroup analyses on ethnicity and age to exclude potential sources of heterogeneity among the included studies. However, we could not find any statistically significant associations in the subgroup analysis. A significantly higher frequency of depression was observed among Asians (Koreans) with AA genotype (*P*=0.06), which might be attributed to a single study that had reported a strong association,[@b18-ndt-13-2661] rather than a high frequency of this genotype in Asians in general.

There are some limitations in our meta-analysis. There exists a substantial degree of heterogeneity among included studies with regard to gender. Differences in gender ratio are of particular importance, since women are about twice as likely as men to develop depression.[@b43-ndt-13-2661] Owing to the lack of genotype information by gender, we were unable to do a subgroup analysis. There is also some heterogeneity regarding severity of depression. Some articles included in this study described their patients as having "depression" or "depressive disorder" rather than "major depressive disorder." The difference in the severity of depression might limit the evaluation of the effect of TNF-α polymorphism. However, many studies on the association between depressive disorder and genetic polymorphisms of cytokine genes did not limit their analysis to the patients with major depressive disorder.[@b10-ndt-13-2661] In this regard, we thought it would be worthwhile to address this question in terms of depressive disorder in general.

In conclusion, our study found that the existing literature does not suggest the association of TNF-α G-308A polymorphisms with depression. Considering the polygenic effect on depression, a large number of case--control studies with the information on other related genetic polymorphisms could provide reliable evidence for the role of TNF-α G-308A polymorphism with respect to susceptibility to depression.
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###### 

Forest plots of TNF-α G-308A polymorphisms and depression. (**A**) G allele vs A allele, (**B**) GG vs AA, (**C**) GG vs GA + AA, and (**D**) GG + GA vs AA.
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###### 

Main characteristics of studies included

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Author                              Year   No of cases of depression   No of controls   Region          Diagnostic tools   Age (mean ± SD \[range\])   Gender (M/F)            
  ----------------------------------- ------ --------------------------- ---------------- --------------- ------------------ --------------------------- -------------- -------- ---------
  Cerri et al[@b20-ndt-13-2661]       2010   50                          240              Italian         DSM-IV, GDS        81.42±7.45\                 82.0±6.0\      13/37    --
                                                                                                                             \[65--102\]                 \[67--99\]              

  Clerici et al[@b23-ndt-13-2661]     2009   31                          363              Italian         DSM-IV             --                          39\            --       262/101
                                                                                                                                                         \[24--54\]              

  Haastrup et al[@b27-ndt-13-2661]    2012   288                         335              Danish          ICD-10, SCAN       43.0\                       42.5\          99/189   176/159
                                                                                                                             \[18.3--70.5\]              \[18--66\]              

  Jun et al[@b18-ndt-13-2661]         2003   108                         125              Korean          DSM-IV             50.4±14.2                   37.6±6.9       47/61    48/77

  Kang et al[@b44-ndt-13-2661]        2015   101                         631              Korean          GMS, DSM-IV        77.6±6.8                    72.0±5.3       28/73    272/359

  Kim et al[@b24-ndt-13-2661]         2012   77                          199              Korean          DSM-IV             66.5±9.5                    63.5±9.4       43/34    121/78

  Kim et al[@b25-ndt-13-2661]         2013   19                          164              Korean          DSM-IV             51.6±8.2                    49.8±10.3      0/19     0/164

  Kim et al[@b45-ndt-13-2661]         2013   63                          458              Korean          GMS, DSM-IV        71.9±4.5                    72.5±5.7       33/30    201/257

  Lückhoff et al[@b19-ndt-13-2661]    2014   94                          111              South African   DSM-V              41.1±10.9\                  43.3±12.4\     22/72    44/67
                                                                                                                             (Male)\                     (Male)\                 
                                                                                                                             42.2±9.8\                   41.0±11.5\              
                                                                                                                             (Female)                    (Female)                

  Mihailova et al[@b46-ndt-13-2661]   2016   80                          52               Bulgarian       ICD-10, HAM-D      45.5                        36.7           30/50    22/30
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** MDD, major depressive disorder; DSM, *Diagnostic and Statistical Manual of Mental Disorders*; GDS, geriatric depression scale; ICD, international classification of diseases; SCAN, schedules for clinical assessment in neuropsychiatry; HAM-D, Hamilton Depression Scale; GMS, geriatric mental state diagnostic schedule; SD, standard deviation.

###### 

Main results in the total and subgroup analysis

  Study groups       G-allele vs A-allele   GG vs AA   GG vs GA + AA       GG + GA vs AA                                                  
  ------------------ ---------------------- ---------- ------------------- --------------- ------------------- ------ ------------------- ------
  Overall            1.09 (0.92, 1.29)      0.33       1.24 (0.71, 2.15)   0.44            1.01 (0.76, 1.35)   0.93   1.22 (0.70, 2.13)   0.47
  **By ethnicity**                                                                                                                        
  Asian              1.25 (0.95, 1.63)      0.11       2.34 (0.98, 5.57)   0.06            1.02 (0.63, 1.67)   0.93   2.29 (0.96, 5.49)   0.06
  Non-Asian          1.00 (0.80, 1.24)      0.97       0.87 (0.42, 1.77)   0.70            1.02 (0.79, 1.31)   0.89   0.86 (0.42, 1.76)   0.68
  **By mean age**                                                                                                                         
  \<70 years         1.20 (0.98, 1.47)      0.08       1.45 (0.73, 2.85)   0.29            1.12 (0.79, 1.59)   0.54   1.37 (0.69, 2.68)   0.37
  ≥70 years          0.82 (0.46, 1.47)      0.51       0.91 (0.33, 2.46)   0.85            0.81 (0.47, 1.39)   0.45   0.97 (0.36, 2.64)   0.95

**Abbreviations:** OR, odds ratio; CI, confidence interval.
